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Part 1
Hayden Miller
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Overview of Accomplishments

Task: Establish new capabilities to liberate and quantify gases from test-site materials, 
including stable isotope measurements on targeted gases

Accomplishments:
• Designed, built, tested, and established crush/gas purification line 
• Developed calibration methodology via calibrated volume (Pettit & Schaller, 2019)
• Successfully applied our methodology to analog and experimental materials:

• Demonstrated gas liberation and quantification from analog geologic (Soda 
Dam carbonate, trinitite aerobeads) and experimental materials

• Demonstrated the measurement feasibility of stable isotope analysis of target 
gas (CO2) obtained from a crushed material
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Refurbished Laboratory Space in the GGRL 
New Crushing and Gas Extraction/Purification Capabilities
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Custom Vacuum Line for Gas Liberation, Quantification, 
& Purification
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Custom Vacuum Line for Gas Liberation, Quantification, 
& Purification
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80Kr: ± 0.13%
82Kr: ± 0.15%
83Kr: ± 0.16%
84Kr: ± 0.49%
86Kr: ± 0.10%

Preliminary External 
Reproducibility (1s; n = 5)

QMS Noble Gas Quantification: Krypton Stable Isotopes
Sample size: 0.2 to 2 nanomoles (10-9) pure Kr gas
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124Xe: ± 0.02%
126Xe: ± 0.02%
128Xe: ± 0.04%
129Xe: ± 0.02%
130Xe: ± 0.02%
131Xe: ± 0.02%
132Xe: ± 0.06%
134Xe: ± 0.03%
136Xe: ± 0.01%

Preliminary External 
Reproducibility (1s; n = 3)

QMS Noble Gas Quantification: Xenon Stable Isotopes
Sample size: ~3 nanomoles (10-9) pure Xe gas
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Part 2
Daniel Eldridge
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Crush Tests: 
Demonstrating New Capability Development

Crush Test 1: 
Analog materials (Soda Dam Carbonate, ~300mg)
- Quantified gas composition by QMS (e.g., CO2/N2 ratio)
- Determined Carbon-13 isotope composition of liberated CO2 by IRMS

Crush Test 2: 
Experimental silicate melt glass containing two-phase inclusions (gas, aqueous fluid)
- Detected organic volatiles (contaminant) that inform ongoing experiments

Crush Test 3: 
Trinitite aerobead (~100mg)
- Detected gas signature unique to formation (fireball) environment
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Crush Test 1: Local Soda Dam Carbonate (304 mg)
Background-corrected peaks at given m/z (e.g., N2 and CO2 quantification)

Soda Dam Carbonate Fragment 

Relate to [CO2]

Relate to [N2]

Measurements of Gas from Crush on Quadrupole MS
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Crush Test 1: Local Soda Dam Carbonate (304 mg)
Localized 3-Point Calibration Based on Standard Gas

N2 CO2

<latexit sha1_base64="4yVCXh+OVXN/omCw/bHPPOYH4Pw=">AAAB/nicbVBNSwMxEM36WevXqnjyEiyCp7IrRT1WvXisYD+gW0o2zbah2WxIZsWyFPwrXjwo4tXf4c1/Y9ruQVsfDDzem2FmXqgEN+B5387S8srq2npho7i5tb2z6+7tN0ySasrqNBGJboXEMMElqwMHwVpKMxKHgjXD4c3Ebz4wbXgi72GkWCcmfckjTglYqeseBkQpnTziiucFwGNm8BXXXbfklb0p8CLxc1JCOWpd9yvoJTSNmQQqiDFt31PQyYgGTgUbF4PUMEXokPRZ21JJ7KJONj1/jE+s0sNRom1JwFP190RGYmNGcWg7YwIDM+9NxP+8dgrRZSfjUqXAJJ0tilKBIcGTLHCPa0ZBjCwhVHN7K6YDogkFm1jRhuDPv7xIGmdl/7zs31VK1es8jgI6QsfoFPnoAlXRLaqhOqIoQ8/oFb05T86L8+58zFqXnHzmAP2B8/kDDbqU5w==</latexit>

⇡ 400⇥Air

<latexit sha1_base64="dA08BCZvYN+gOIB7mQEH/rNWYZE=">AAACGnicbZDLSgMxFIYz9V5vVZdugkWom2GmiLoRim5ceQFrC51hyKRnNDRzITkjlqHP4cZXceNCEXfixrcxrV2o9UDCx/+fQ3L+MJNCo+N8WqWp6ZnZufmF8uLS8spqZW39Sqe54tDkqUxVO2QapEigiQIltDMFLA4ltMLe8dBv3YLSIk0usZ+BH7PrRESCMzRSUHG9SDFeHJ8F9UFxai56SB277lAviw04deoh3GFBay7VNtg7g6BSNfqo6CS4Y6iScZ0HlXevm/I8hgS5ZFp3XCdDv2AKBZcwKHu5hozxHruGjsGExaD9YrTagG4bpUujVJmTIB2pPycKFmvdj0PTGTO80X+9ofif18kxOvALkWQ5QsK/H4pySTGlw5xoVyjgKPsGGFfC/JXyG2ayQpNm2YTg/l15Eq7qtrtnuxe71cbROI55skm2SI24ZJ80yAk5J03CyT15JM/kxXqwnqxX6+27tWSNZzbIr7I+vgAja50q</latexit>

CO2

N2
= 0.20± 0.02 (1 s.e.)
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Crush Test 1: Local Soda Dam Carbonate (304 mg)
Stable Isotope Measurement (Carbon-13) of Crush-Liberated CO2(g)

Atmospheric (NOAA-ESRL-GMD): http://www.esrl.noaa.gov/gmd
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Crush Test 2: Experimental Silicate Melt 
NaAlSi3O8-KAlSi3O8-SiO2 System (haplogranite), H2O-saturated, ~700˚C
Successfully generated melt glass with two-phase inclusions (aqueous fluid + gas)

Aqueous Fluid

Gas BubbleExperiments conducted by DR team-members:
Chris Campe (post-Masters student), Artaches Migdissov, Hakim Boukhalfa
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Crush Test 2: Experimental Silicate Melt 
Mass spectrum of liberated gases from crush
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Hydrocarbons: Org. Contamination
Presumed to be mostly CH4

Elevated CO2
Hydrous pyrolysis of org. contaminant

CO2 
singly-substituted 
isotopologues

Crush Test 2: Experimental Silicate Melt 
Identified organic contaminant in experiment (informs mitigation strategies in ongoing/future 
experiments)
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Crush Test 3: Trinitite Aerobead (~100 mg)

~0.5 cm

National Park Service 
https://www.nps.gov/whsa/learn/historyculture/trinity-site.htm
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Crush Test 3: Trinitite Aerobead (~100 mg)

~0.5 cm

Nothing else
detected 

up to m/z = 136
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Crush Test 3: Trinitite Aerobead (~100 mg)
Detecting a CO(g)-rich formation environment?

~0.5 cm

C and O atomic fragments detected 
but no CO2(g) and little O2(g): 

Points to significant CO(g) in aerobead!*

No CO2(g) Detected

Low O2(g)

*Sample of the reducing, H2(g)- and CO(g)-rich fireball captured in aerobead
(new supporting observation of fireball conditions)

Nothing else
detected 

up to m/z = 136

Elevated H2(g)*
Reducing Environment
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Summary/Future

Accomplishments: Capability Development COMPLETE
- Developed and demonstrated capability for crushing materials and liberating volatiles 

(including trinitite). 
- Demonstrated the ability to quantify (QMS) and perform stable isotope measurements 

(IRMS) on liberated gases.

Next steps: Measure Samples (~6 months) and Write-Up (~2 months)
- Expand measurements to more trinitite samples for open literature publication: 

- Aerobead vs. on-the-ground samples
- Gas quantification + volatile metal isotope analysis on crushed material (e.g., Cs, 

Zn)
- Apply methodology to underground test materials. 


